T he ankle brachial index (ABI) is the ratio between systolic blood pressure measured at the ankle (posterior tibial and dorsalis pedis artery) and the brachial artery. It is traditionally used to diagnose peripheral artery disease, for which a cutoff value of ≤0.90 is commonly used. 1 People with peripheral artery disease, even when asymptomatic, have a worse prognosis than people with an ABI within reference limits in terms of risk of death and cardiovascular events.
and results are inconsistent. 3 Inconsistencies may in part be because of different relationships of ABI across different populations. It has been suggested that the association of ABI with CVD is only U-shaped in patients with type 2 diabetes mellitus and that a high ABI does not convey excess risk in other individuals. 9 The objective of this present study is 2-fold. First, we aim to characterize the group with high ABI compared with the group with ABI within reference limits in terms of their cardiovascular risk factors. Second, we aim to determine whether high ABI (≥1.40) as compared with ABI 0.9-1.40 is associated with an increased incidence of CVD events and all-cause mortality in a high-risk population, in which a majority of patients have clinically manifest CVD. As an additional objective, we wish to study whether this association is similar in subgroups defined by the presence of prevalent CVD and diabetes mellitus.
Materials and Methods
Materials and Methods are available in the online-only Data Supplement. In short, 7542 patients with ABI>0.9 and either prevalent CVD or a high risk for CVD were selected from the Second Manifestations of Arterial Disease (SMART) study. Cox proportional hazards models were fitted assessing the association of high ABI (as compared with ABI 0.9-1.4) with the risk of myocardial infarction (MI), stroke, cardiovascular death, the combined outcome of these 3, and total mortality (median follow-up 6.9 years).
Results

Baseline Characteristics
Of 7542 included patients, 7203 (95.5%) had ABIs within reference limits and 339 (4.5%) had high ABI (≥1.40 or incompressible; Figure) . Patients with high ABI were older (average 58.8 versus 55.4 years) and more often male (86%) compared with those with ABIs within reference limits (66%). Other characteristics are described in Table 1 . (Table 2) . Adjustment for medical treatment with lipid-lowering drugs or blood pressure-lowering drugs did not alter the results of non-HDL cholesterol and systolic blood pressure, respectively.
Determinants of High Ankle Brachial Index
Association Between High Ankle Brachial Index and Cardiovascular Events and Mortality
During a median follow-up of 6.9 (interquartile range 3.7-10.2) years, 292 patients had an MI, 216 patients had a stroke, and 680 patients died, 302 of whom from a vascular cause. We counted 694 cases for our compound outcome, with incidences of 13.2 (95% CI 12.4-14.0)/1000 person years and 19.0 (95% CI 13.4-24.7)/1000 person years in the reference ABI group and the high ABI group, respectively. The associations between high ABI and our studied outcomes are provided in Table 3 In our stratified analyses, we observed that high ABI tended to be a stronger risk factor for the compound cardiovascular outcome in patients with diabetes mellitus, although HRs were not statistically significant, and neither was the interaction term (Table 4) . Similarly, high ABI tended to be a stronger risk factor for the compound cardiovascular outcome in patients with prevalent CVD but without statistical significance. For myocardial infarction, high ABI was associated 
Discussion
In the present study in a population at high risk of CVD, age, male sex, high body mass index, and diabetes mellitus were associated with higher prevalence of high ABI, whereas smoking and higher non-HDL cholesterol were associated with a lower prevalence of high ABI. High ABI was associated with increased incidence of incident MI after multivariable adjustment, but not with stroke, vascular, or all-cause mortality, or the compound outcome, when compared with ABIs within reference limits. We found that a significant association existed between high ABI and MI among patients with diabetes mellitus that was not present in others, but no significant interaction by diabetes mellitus status was seen.
The risk factor profile we found might not be expected when considering high ABI as a marker of cardiovascular risk equivalent to low ABI. A lower rate of current or former smoking and dyslipidemia in people with high ABI have been previously reported. 4, 5, 12, 13 One previous study reported a lower prevalence of current smoking, as well as male sex and high body mass index, to be associated with progressing into high ABI, 14 which is in line with our cross-sectional findings and suggests they might be real associations, not just epiphenomena induced by our cross-sectional design.
An explanation for lower rates of smoking among people with high ABI might be found in the association of risk factors with medial arterial calcification. Medial arterial calcification, a type of calcification that occurs in the middle layers of arteries, is reported to be associated with age, diabetes mellitus, and renal disease and also with lower rates of smoking. 15, 16 High ABIs are generally believed to arise because of medial arterial calcification. 3 In that sense, our results are in line with previous studies on medial arterial calcification. However, only one study in patients with type I diabetes mellitus has assessed the relationship between high ABI and medial arterial calcification 17 and found a strong relation between high ABI and medial arterial calcification.
We found a clear association of high ABI with incident MI even after adjusting for risk factors, whereas we did not find an association with any of the other outcomes. For the compound CVD outcome, only the crude association was significant, indicating that the risk factors may fully explain the crude association. Otherwise, there could be a lack of power to show a relatively small effect size. We did not find any association with stroke or mortality. Several other prospective studies have reported associations with total and cardiovascular mortality and combined cardiovascular events, 7, 13, [18] [19] [20] with substantially larger adjusted effect sizes than ours. Although different populations have been studied and this may underlie certain differences, a mechanistic explanation is not evident. To our knowledge, we are the first to study the relationship of high ABI with stroke as a separate outcome prospectively.
For the relationship of high ABI with increased risk of MI, a causal pathway has been postulated. A study has shown that high ABI is associated with larger left ventricle mass, an association that was not attenuated with adjustment for risk factors or subclinical atherosclerosis measurements. 8 It is proposed that high ABI is a marker for arterial stiffness, which contributes to chronic increased left ventricle after-load. 8 With pathological left ventricular hypertrophy, structural remodeling takes place, resulting in reduced coronary flow reserve, among other consequences. 21 For other outcomes, a causal pathway is less obvious.
Two studies have previously addressed the question of whether the relationship between high ABI and CVD differs between persons with and without diabetes mellitus, 9,22 a disease state associated with increased arterial stiffness and with medial arterial calcification. 23 The first study showed significant interaction by diabetes mellitus status, but it only had 2 participants without diabetes mellitus with an ABI>1.30, so the association with cardiovascular mortality (their main outcome) in nondiabetic patients could not be reliably derived. 9 The second study, however, showed significant associations with all-cause and cardiovascular mortality among patients with diabetes mellitus and a lack thereof in patients without diabetes mellitus, but without showing a significant interaction. 22 This is similar to what we found when stratifying our myocardial infarction analysis by diabetes mellitus status. Although the evidence does not warrant a conclusion that the relationship truly is different in diabetes mellitus patients, the effect size estimates have so far been higher among patients with diabetes mellitus. 9, 22 It is hypothesized that in patients with diabetes mellitus, high ABI co-occurs with a heavy burden of risk factors more frequently and that despite adjustment for risk factors, (residual) confounding might explain the stronger relationships. 5, 9, 22 Future studies could compare patients with type 1 and type 2 diabetes mellitus because patients with type 1 diabetes mellitus typically have much less co-occurring risk factors. If patients with type 1 diabetes mellitus are found to have a similar high ABI-CVD relation, it is ABI indicates ankle brachial index; BMI, body mass index; 95% CI, 95% confidence interval; eGFR, estimated glomerular filtration rate; HDL, highdensity lipoprotein; MET, metabolic equivalent of task; OR, odds ratio; and SBP, systolic blood pressure. The association of age with high ABI is crude. The association of sex with high ABI is adjusted for age. All other analyses are adjusted for sex and age. Example: A person with diabetes mellitus is at 54% higher odds of being in the high ABI group compared with someone without diabetes mellitus, when adjusted for age and sex. unlikely that the stronger association among patients with diabetes mellitus is purely as a result of the higher co-existence of other risk factors.
Additional studies are needed to shed light on whether a high ABI is mainly a marker of a generally advanced stage of atherosclerosis or whether high ABI represents arterial stiffness that is detrimental in itself. Other measures of arterial stiffness, such as pulse wave velocity, are associated with a range of detrimental outcomes. 24 Future studies should aim to verify the reported relationship of high ABI with medial arterial calcification and expand our knowledge of the relationships between diabetes mellitus, medial arterial calcification, arterial stiffness, and outcomes.
Strengths of this study include its large sample size and high event rate, the comprehensive risk factor information, completeness of data, and rigorous methods of follow-up and outcome assessment. Also, our population consisted mainly of patients with prevalent CVD, in contrast to the populations that have previously been studied, which consisted mainly of patients without clinical CVD or patients visiting a vascular laboratory or at high risk for peripheral artery disease. 7, 9, 18, 19 Limitations include the cross-sectional nature of the studied associations of risk factors with ABI and the small size of some of the subgroups, which, in combination with the low number of patients on the high end of the ABI distribution, may have resulted in insufficient power to show an interaction. It is not known how the co-occurrence of the pathologies of medial calcification and atherosclerosis in one patient influences the ABI. Although no data is available to support this, it is possible that the co-occurrence might sometimes result in an ABI between 0.9 and 1.4. On the other hand, when there is obstructive disease and considerable medial calcification at the same time, the result might still be an incompressible artery. Unfortunately, our data does not allow us to disentangle these effects. Finally, our population is a selected population consisting of a mix of primary prevention (high-risk) and secondary prevention patients. This limits the generalizability of our findings. Also, selection potentially induces a risk of selection bias when looking at risk factor associations with high ABI. This should be taken into account when interpreting our findings. Our stratified analyses provide some insight in the potential differences in the associations of high ABI with events between high-risk and prevalent disease patients.
Conclusions
In this cohort study of patients with a high risk for CVD, we found that high ABI (≥1.4) was associated with incident MI but not with (cardiovascular) mortality when compared with an ABI within reference limits (0.9-1.4). We found higher age, male sex, higher body mass index, diabetes mellitus, lower non-HDL cholesterol, and a lower prevalence of smoking to be associated with high ABI. CI indicates confidence interval; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; HR, hazard ratio; and SBP, systolic blood pressure. All models shown were adjusted for sex, age, smoking status, non-HDL cholesterol, SBP, and eGFR. The models stratified by diabetes mellitus status were also adjusted for prevalent CVD. The models stratified by prevalent CVD were also adjusted for diabetes mellitus status.
*P for interaction.
High ankle brachial index (ABI) and incompressible ankle arteries are generally believed to arise as a result of medial arterial calcification and may be a marker for vascular stiffness. The high ABI patient group remains poorly characterized, and the risks associated with high ABI remain poorly understood. We were the first to study the risks associated with high ABI (≥1.4 or incompressible arteries versus ABI 0.9-1.4) in a high-risk and secondary prevention population. We found that the presence of high ABI was independently associated with an increased risk for myocardial infarction, but not with stroke, all-cause, or vascular mortality. High ABI should be considered a risk factor for myocardial infarction.
Significance
